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1. INTRODUCTION

‘ in response to a request {rom the Director of Central Intelligence,
the Pancl was assembled to examine some broad problems in satellite
reconnaissance., The Panel addressed itself to the following questions:

. a. What is the capability of existing and prograrnmed
systems to provide photographic coverage of the quantity and
quality requirced to meet future intelligence requirements?

b. What axre the technical possibilities for the future
development of satellite photography, and how should these
affect systems planning and research?

¢. What should be the technical goals in the next phase
of development?

d. What is the vulnerability of cur systems to counter-
measures; how serious is tho threat, and what steps should be
planned to meet it?

. In addition to these central questions, the Panel considered a
aumier of proposals and ideas for special systems. Finally, although
the FPanel did not undertake a study of the A-12 airborne system as such,
its importance in the whole picture was very much in our minds, The
capabilities and the complementary roles of airborne and satellite
systerns were compared at relevant points. ' A

To state our problem even more briefly, we tried to look into the
futuxe to see how far satellite reconnaissance may reasonably be expected
to develop in the service of our intelligence needs, and what work neods
to be done to insure that it develops as rapidly as possible in the right
direttions, It is obvious that so short a study had to leave many impor-
tant problems untouched.
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2. GENERAL OBSERVATIONS ON COVERAGE AND RESOLUTION

The remarkably successful development of photographic recon-
naissance from sateilites, represented by our currently operating sysisms,
has brought the technology to a point where future progress can be made
in two rather different directions., Naturally, high resolution and full
coverage ave both desirable, In any single prograrm, however, some
choice will have to be made. The excellence of resolution now foresecable,
if we strive for resclution alone, is so high that full scarch coverage at
that same resolution would produce a volume of information substantially
exceeding the capacity of our preseant resources for interpretation and
exploitation, This argument is hardly a decisive one. Ways could be
found to cope with such an embarassment of riches, What is more
irnportant is that the development of systems required to provide full
search coverage is not the speediest way to attain the resolution capa-
Lility which the state of the art permits. In other words, the natural
incompatibility of wide coverage and high resolution, within a given pay-
load, is becoming more acute, rather than less, as the art advances.

The attempt to obtain both simultaneously is likely to prevcnt the
achievement of either one.

On the other hand, the ground resolution achieved under the

best conditions by the | now operating appears to be adequate

to meet 2 large fraction of those intelligence requirements which depend
on general coverage. We belleve, therefore, that an attempt to make a
completaly new system which would provide equally wide coverage with
only a modest improvement in resolution {5 foot, say, instead of 10 foot
ground resolution) would not be a wise investment of resources, Instead,

. as wo procecd beyond the curront system, we ought to aim primarily at

high resolution accepting the coverage limitation that will be entailed, at
least at the beginning, Coverage capability can evolve after the resolution
has bean obtained. We bellieve that vexy substantial improvements in
ground resolution are obtainable and that in the foreseeable future there
will always be very important uses for spot coverage at the very highest
possible resolution.
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3. CURRENT PROGRAMS

The I operates at its ultimate photographic capability
only about 10% of the time or less. Some of the degradation is due to
causes which are understood - lnaccurate image motion compensation,
yaw, exposurc inappropriate for the light conditions at a particular time,
etc. It seems entirely feasible to bring most of these factors under
control so that one could count on peak resolution performance from
the N o» 90% of the exposed film. This would represent an
enormous gain in information acquisition, and the information would
still be in the form which our interpretation and handling facilities are
designed to match., On the operational side, it has the merit of keeping
things moving in the pattern already established with obvious advantages
in reliability. It may be good for political security too; what could be
loss provocative than to keep doing, without visible change, what one
has been inconspicuously doing already?

We belleve that improvement in the operation of the N is
the most promising way to make an immediate and substantial gain in
photographic reconnaissance, Our first recommendation is simply:

Make the [ > ork well all the time, Some of the important steps

in effecting the desired product improvement will be:

a. - Better V/H determination and IMC.

b. Yaw detection and control.

c. Exposu}'é control.

d. Automatic focus.
Some carefully designed experiments should be carried out with the
operating sysiom to separate and assess the factors contributing to
los‘s of regolution, and to evaluate the remedies. '

We need, aeven now, a stan;:lardizod objective test of resolution

guality in the final [ fc* the programs recommended above,
such a test is absolutely indispensable. The test need not be applicable

-3..
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.~ Approved For Release%@l@fﬂ% CEIA -RDP66R00546R00Q200120005-6
) d (.»mwuil

ATTACHMENT TO NRO

B c<5-¢3 25X1A

to all films and cameras; nor need it measure any precisely defined
theoretical parvameters., It noed not even relate closely to the milltery
spacification involving bar targets, but it must be applicable routinely
and simply to any segment of ueeful | Possibly a simple
measurement of something rolated only to the cut«off of the spatial-
frequency power spectrum in the final negative can be devised. 1If it
can be diagnosti¢, so much the better, but the overriding need {s for

an unambiguous quality control teost.

This '"product improvement' program for [JJcscents a réally
spirit, with determination, its quantitative yleld in intelligence informa-

tion may surpasa that of any single more advanced system we could
now design.

The [ and L programs are moving in the right direction and if NRO
successiul will be very significant steps toward higher resolution. In :
addition to the actual intelligence we can expect from .system recone 25X1A
nzissance, the performance of this system will teach us a great deal |
about the opportunities of higher resolution photography - that is, its
periormance should and will bave a decisive influence on our choice and
design of future systems. For this reason, we recommend that special
attention be given early in the .operations to acquiring some photography
with the [Jcamera under ideal photographic conditions. In.other words,
the urgency of collecting intelligence should not prevent us entirely from
ascertaining exactly what this kind of system can do under ideal conditions.
The L system is a valuable backup for and, at the same time, its 25X1A
parameters axe differcnt enough so that any additional experience with
L will significantly advance our understanding o:t’ the problem of higher
resolution photogrs.phy.

~4-’4
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4. PLANNING PEYOND CURRENTLY PROGRAMMED SYSTEMS

The_program is an example of a bold step in what we
would think is generally the right direction, that is, in pushing reso-
lution to the limif even at some expense in coverage. Actually, as now
conceived, the _system with its considerable flexibility would
offer substantial coverage in some modes. We feel, however, that it
is a little too early to freeze the concept of the next advanced system.
The reasons for this are the following: in the current state of the art,
as was convincingly demonstrated by the excellent parametric studies
presented to us, the controlling parameters of film speed, film resolution,
wvoaicle attitude stability, and the laws of wave optics, lead one to a
compromise in which size, weight and complexity of the instrument are
affected by even a imrodest change in a basic parameter. One can almost
say that a modest factor in {ilm speed could mean the difference between
a thrust-augmented THOR and a TITAN for the transporting vehicle.

In other words, in the next generation of reconnalssance cameras it

will be even more important than before, if that is imaginablc, to take

the utmost advantage of every advance in optical materials and techniques.
In the following section, we discuss some possibilities for technological
advances which can probably be evaluated soon enough 8o that one can
¢stimate their importance for the coming generation of systems. Ina

few meonths' time, it may be possible to aee much more clearly than

now what kind of system we ought to go for.

5=
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5. TECHNOLOGICAL ADVANCES

a. Emulsion Propertics

25X1D0B

Current camera designs, when optimized, turn out to be
an expression of the properties of them Within limits
at a given state of the emulsion art, there is a trade oil between sensi-
tivity and resolution which can be manipulated to get better results ina
particular context. On the other hand, it appears not unreasonable to
hope for some absolute improvement in emulsion properties which would
yleld a faster film at the same resolution or its equivalent. Probably
a factor of 4 in speed for a given resolution is too much to hope for,
but we have some confidence that a factor of 2 may be obtainable. This
would be an extremely significant gain, which would of course be welcome
in our current systems. It could be immediately exploited in the design
of new systems to alter materially the weight-size-stabilization require-
ments in the next goneration of instruments. Within a few months one
may know whether such an lmprovement in emulsions can indeed be
anticipated. We think it extremely important that this question be

" pursued.

b. Image Intensifiers

The electronic image intensifier is a device which is now
being developed vigorously in a number of forms. It may possibly present
an opportunity for a major breakthrough in satellite photography. In the
image intensifier, light from the original scene falls on a photo-cathode
rather than on the film directly. The electrons ejected from the photo-
cathode are accelerated to bombard the phosphor, where they make more
light. Thie light can then expose a photographic film or the process can
be cascaded to make more electrons, more light, etc., until at some
stage photographic recording occurs. It remains to be seen whether the
required resolution in lines per millimeter can be maintained. There
is no fundamental reason why it cannot be. Some preliminary calcula-
tions suggest that several hundred lines/mm is not out of the question.
ixdecd, in the application to satellite cameras, we appear to have a
situation peculiarly favorable to the application of the image-intensifier
technique. In most of the current and future designs the light is

b
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recorded at any given instant along a narrow strip or slit, a geometry
highly advantageous for control of the electron trajectories. This
technique may permit the further flexibility of recording photographic-
aily at a scale different from that of the primary lmage. We recommend
that the possibilities of image-intensifier techniques be immediately
investigated. If closer investigation corroborates our Present optimism,
a vigorous program of development should be started. Here, too, we
expect that a few months' study could give us a very much clearer
picture of the implications for planning of our future systemas,

¢. Very Larpe Optics

Advances in the design of very large optical systems are
continuing {o ba made. These include not only new geometrical arrange~
“ments of reflecting surfaces, correcting plates and lenses, but also
new techniques for constructing large mirroxrs that are accurate but
not erormously heavy. It is reasonable to contemplate apertures at
least as large as 60" diameter operating, so far as their intrinsic
optical performance is concerned, close to the "diffraction limit" set
by the wave length of light. To be more specific, it appears that a 60"
diameter £/2 system forming a good image on a 10" slit is entirely
fcasible, as is a 40" diameter, £/1.5 with a 6" slit, If and when we move
into inrger vehicles, it is these larper systems we should be thinking
about. it is not too early to support research and development on compo-
nents, in view of the fact that the lead time on the very large optical
clernents involved may be as much as two or three years. (Of course
we must not forget that the lead time on launching facilities may be
enother critical element in the utilization of larger vehicles. )

The impression gained from our discussions of these lavge
optical systems is that bulk is likely to be a more stringent lia: tation
than welght, especially if the development of large beryllium mirrora
continues to proceed as successfully as it has to date.

d. Stabilization

The problem of vehicle stabilization is likely to remain with
us in spite of all optical Inventions and will grow moxe¢ acute rather than -

Q
P
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less. Hence, there will be a continuing need for innovation and ingenuity
in the development of vehicle stabilization techniques appropriate to

the camera platform. Some degrec of image stabilization (as contrasted
with vehicle stabilization) may be possible in some of the new optical
systems, including the hypothetical image-intensifier system just
mentioned.

THD Crenr
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6. EVENTUAL LIMITS OF RESOLUTION

There is no evidence that our present systems are running into
auny fundamental limitations on pround vesolution, Of course, the
inexorable relation Letween anpular resclution and lens diameter does
impose an ultimate lower limit on the size of our instrument. It takes
a 10 inch aperture to resolve a foot at 100 miles if everything eclse is NRO
pericct. Probably one can push as far as ground resolution 25X1A
without severe trouble from the atmospheric medium. The question '
remains as to where the inhomogenecity of the atmosphere will make
itself evident, preventing any further useful advances. On this question
we have no conclusive experimental evidence. The astronomers are
familiar with the inverse problem of seeing up through the atmosphere,
but their experience does not necessarily provide the answer. We are
also unable to predict at present whather this eventual limitation will
be relatively more or less serious for the satellite borne camera than
for an airborne camera. As we advance into a new domain of perfor-
mance this fundamental question will deserve serious resoarch attention.

In advance of empirical tests, we may well be able to diaw useful con-

clusions from calculatione for various models of a turbulent atmosphere.

Satellite systems are complctely free from one problem which
may eventually limit the resolution of airborne cameras, the optical
irregularities in the airstream adjacent to the vehicle. Where this limit
will set in, for airborne systems, is an open question at the moment,
but tests in the actual environment which are now scheduled should
provide a reliable answer, at least for ground resolution of the order
of one or two foot. This problem, if it ever becomes serious, is perhaps
not entirely beyond remedy. '

«9.
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8. READ-OUT SY¥STEMS

The Panel considered rather briefly the current status of
developments in read-out systems. This technique has, of course, had
a long history of development, The original technical objectives were
met; we know that read-out can work, but there has been no practical
application to reconnaissance. Tho basic lUmitation of present read-
out systems is still imposed by the radio frequency channel capacity
and the yead-out time avallable, and this handicap, which has grown,
if anything, relatively more discouraging in comparison with photographic
recording and recovery. A constant which protty well characterized
read-out systems was stated in the following form: one or two square
inches of picture per megacycle band, per minute, for a picture with
100 lines per millimetor resolution. One can perhaps invent missions
aimed at quick recovery of L or 2 pictures of a few small targets which
would make a read-out system attractive, but these would have to be
compared with what we might do by a quick-reaction satellite with
recovery, or by other means, such as a recomnaissance satellite stored
in orbit for use when needed. On the whole, we can generate very
little enthusiasm for the read-out technique. Some research in this
area might reasonably be kept going. In particular, new means should be
sought to expand the capacity of the overall film~-to-ground channels by
ultra-fast scanning techniques and very wide band communications. DBut
we conclude that there are no evident opportunities in read-out systems
which cught to affect our major plans for further development and use
of phot ographic syztems with recovery.

12
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9,. SOME SPECIAL SYSTEMS AND MISSIONS

The Panel considered briefly a number of special systems;
some are alrveady under study, others may warrant examination.

a. Quick Reaction Satellite. Clearly our present capability
for prompt acquisition of important photographic intelligence is limited,
not so much by the recovery cycle, as by the lead time involved in the
launching of a previously unscheduled flight. The Panel shares the
rathor obvious view that something ought to be done about this and
ghnt in addition to the general streamlining of the launching operations, -
which is a problem already being attacked on other fronts, the possibility
of a specially planned quick reaction vebicle should be studied. Whether
this is feasible or not will have an important bearing on the relative
utility of such other moans as readout satellites and drones.

b. Storage in Orbit. The so-called zomble mode of operation
offers a variant of the quick reaction satellite. The satellite of the
prosent general configuration could be stored in orbit as a wholly passive
object which could then be commanded to go through its photographic
acquisition and recovery cycle on fairly short notice, We see no obvious
difficulty in storapge of the photographic material, although the radiation
exposure would, of course, need to be assessed. What is needed is a
small system study of such an operation to evaluate its gencral promise.
The problem of cbsecrving at will any point on earth a short time after an
order is given should not be minimized., Program computations, in~oxbit
trzjectory corrections, engines with accurate multiburn capabilities '
cced to be examined; the total number of satellites required may, in some
cases become 8o high that a quick reaction device may be more desirable.

c. Fully Covert Satellite. The Panel feels that the time is.not
ripe to take a definitive position on the usefulness or feasibility of the NRO
covert satellite and recommends that the current preliminary study pro-
cced a4 planned, It is our impuesaion that ||| Gy rrove to 25X
Le the most practicable means, and we hope that this aspect will be
carefuilly investigated. Under the concept of ''graduated deterrents' o
sitvation can bo described where both the Atlantic Missile Range and
the Pacific Missile Range have been rendered inoperable just whoin recons
nzigsance is most necessary. Then ceortainly a mobile, if not truly covert
saieliiite, would be needed. The idea of a covert satellite should not be
sbandoned if cne cannot now establigh the feasibility of truly covert
operation in 1l respects. A covert launch capability is a more limited
but still attractiva objective.
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‘d. Nipht Photography. There may be some atitractive possi-

bilities in night photography from a satellite. In its least ambitious

form the objective would be to record simply artificial lghts on the

sround. There are some known intelligence targets for which this kind

25X1A of informma tion might be extremely interesting and significant. It may

| aven lle within the capabilities of the present | to do this; the

525X1A Jlend L sysiems would be even better. Accepting a sacrifice in ground

i resolution, which would not be serious in this application, one would
switch to the fastest emulsion available and lengthen the exposure time.
The latter change could be tolerated because at lower resolution the
image motion problem is somewhat eased, In any case, there is enough

25X1A information available to decide whether the I could meet this
objective technically, Looking ahead to a more ambitious goal it is
poesible one can imagine an extremely fast optical system which could
produce ground pictures in moonlight. In northern latitudes in the winter,
SNOW. cover, moonlight, and the aurora provides a good photographic
combination. We suggest that it would at least be worthwhile to encourage
a theoretical siudy of the technical requ:.rements and possibilities.

c. Balloons. The question of the poasible utxlity of balloons
was raised during our discussions, but for lack of time and background
material, the Panel was unable to examine this problem.

-l
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10, A-12 DRONE

The possible role of the A«~l2 drone was discugsed by the Panel
from variousz points of view, It is not our place to assess the political
advantage of an unmanned as opposed to a manned reconnalssance
wvehicle., To the extent that we had intuitive opinions on this, they were
probably not unanimous. Some members of the Panel expressed a
concern that the TAGBOARD project, whatever its intrinsic merits
might be, is diverting some of the effort which is necessary to make
iie A~12 itself a complete success. (Perhaps an even more serious
threat to progress with the A~12 is the simultancous emergency R-12
and AF-12 programs)., This question, too, involves other than purely
technical considerations. Aps for the technical capability of the drone to
collect intelligence in the special situations for which it might be deemed
the appropriate instrument, we would point out that the photographic
performance of the TAGBOARD camera, as now planned, will be inferior
to the capability of the A«12 system itself. Therefore in evaluating the
utility of the TAGBOARD, it may be as important to compare it with
the performance of the [ 25 with the performance of the A-12.
Indeed, the which will be operating soon should achieve a
ground resolution not much inferior to what the TAGBOARD camera may
do, and this without any of the political risks which still surround the
drone operation oven with the pilot absent. The drone, of course, does
have the advantage in certain operational situations of being able to
get quickly to a particular target or area. It involves, however, a
rather complicated and inflexible overall operation; certainly less

. flexible than the use of the A-12 itself. It will take a careful analysis

of an entire operation to establish its real usefulness,

One member of the Panel, Dr. Fubini, feels that the TAGBOARD
matter was not dealt with in sufficient depth and he doas not wish to be
recorded as concurring with section ten (10).
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11, SUMMARY OF CUR MAIN CONCILUSIONS

————

Returning to the central questions from which we began, we
sind emerging from our discussions a few important conclusions. First,
¢the I itcelf, successiul as it has been, still holds great potential
for betior work and more return, We cannot emphasize too strongly
the importance of this opportunity. Sccond, ‘the technological possi-
bilities for growth in the direction of higher resolution eystems are
extremely promising. The eventual goal of ground resolution approaching
one fooi is not too high for optical photography to aim at. Third, therc
iz a rood chance that a new technique de.eloped around the electronic
image intensifier can greatly widen the technical possibilities for
photography from catellites. With these prospects before us, we may
clearly icok forward to an extremely active enterprise in this areca.

The compact and competent management ovganization, undex
wwaich the present operational systems were developed, we believe has
contwisuted largely to the past success of the program. The Panel
d not consider at this time the offect of recent changes in the manage~
wnant structure. It recornmends, however, that this subject be continuely
soviewed to ensure that the clearness of focus and purpose, originally
achicved, hasg not been diffused. :
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